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Species	 are	 characterized	 by	 physiological	 and	 behavioral	 plasticity,	which	 is	 part	









In	 this	 study,	 we	 investigated	 the	 relationship	 between	 species	 roles	 and	 net‐
work	modularity	under	environmental	shifts	 in	a	highly	resolved	food	web,	that	 is,	
a	 “weighted”	 ecological	 network	 reproducing	 carbon	 flows	 among	 marine	 plank‐




Specifically,	 short‐term	 environmental	 changes	 impact	 the	 abundance	 of	 plank‐
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1  | INTRODUC TION
Individual	species	are	characterized	by	physiological	and	behavioral	
plasticity,	which	 is	 part	 of	 their	 response	 to	 environmental	 shifts,	
including	those	 induced	by	 large	scale	physical	and	chemical	mod‐
ifications	provoked	by	global	change.	However,	co‐existing	species	









Food	 webs	 represent	 a	 powerful	 analytical	 instrument	 in	 the	
hand	of	evolutionary	ecologists,	making	it	possible	to	integrate	spe‐
cies'	biological	traits	and	ecosystem	functionality	(Thompson	et	al.,	
2012).	 Food	 webs	 are	 “ecological	 networks”	 with	 a	 fundamental	
structure,	or	topology,	given	by	the	pattern	of	species‐species	inter‐
actions	(who	is	interacting	with	whom),	and	a	higher‐level	structure,	




reflects	 the	 interplay	of	 local	 and	global	 structure	of	 interactions.	
At	local	level,	changes	in	species	and	resource	abundances	regulate	
the	strength	of	interspecific	links,	while	at	the	global	level	network	
architecture	 is	 strongly	 affected	 by	 indirect	 interactions	 (Poisot,	
Stouffer,	&	Gravel,	2015).
In	 situ	 observation,	 experimental	 manipulation	 and	 computa‐
tional	modeling	have	suggested	that	food	webs	are	able	to	adapt	their	
structure	across	gradients	produced	by	natural	processes,	anthropo‐
genic	 stressors,	 or	 both	 (Tylianakis	&	Morris,	 2017).	 Thus,	 a	 single	
set	of	species	can	display	alternative	interaction	networks	based	on	




fluctuations)	 in	 time	 and	 space	 and	 tend	 to	 occupy	 fixed	 positions	
within	specific	environments,	while	higher‐order	consumers	play	as	















In	 turn,	 persistence	 apparently	 drives	 different	 populations	 to	 ac‐
quire	distinct	but	complementary	ecological	 roles	 in	 the	course	of	
natural	 history,	 as	 to	 set	 a	 balance	 between	 species	 competition	
and	coexistence	(Barabás,	Michalska‐Smith,	&	Allesina,	2017;	Kemp,	
Evans,	Augustyn,	&	Ellis,	2017;	Montoya	&	Solé,	2002;	Peacor	et	al.,	
2006).	 Theoretical	 studies	 and	 meta‐analyses	 showed	 that	 highly	
connected	and	nested	architectures	promote	stability	in	mutualistic	
networks,	while	modularity	 is	at	the	base	of	the	stability	of	antag‐
onistic	networks,	 such	as	 food	webs	 (Thébault	&	Fontaine,	2010).	
Thus,	 studying	 food	webs	 topology	 and	 architecture	would	 allow	
to	analyse	the	biological	drivers	behind	the	network	structure	and	
to	predict	the	ecological	implications	of	possible	structural	changes	
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F I G U R E  1  Plankton	sample	collected	in	the	Gulf	of	Naples,	
Italy	(courtesy	of	Iole	Di	Capua,	Stazione	Zoologica	Anton	Dohrn,	
Naples,	Italy)
















microscopic	 organisms	 living	 in	 aquatic	 environments	 and	 includ‐
ing	 both	 unicellular	 and	 multicellular	 species	 (Figure	 1).	 A	 plank‐
tonic	food	web	was	computationally	defined	in	two	environmental	
conditions	 by	 applying	 Ecopath	 network	 modelling	 (Christensen	
&	Walters,	 2004)	 to	 in	 situ	biomass	data,	 as	 presented	previously	
(D'Alelio,	Libralato,	Wyatt,	&	Ribera	d'Alcalà,	2016).	Measuring	net‐
work	properties	and	using	module	detection	techniques,	we	search	




We	 finally	 discuss	 which	 ecological	 implications	modular	 changes	
can	have	 in	 complex	 food	webs	 and	how	 relating	 species	 roles	 to	
food	web	architecture	can	support	the	advancement	of	ecosystem‐
based	management	 in	marine	 ecosystems,	 in	 face	 of	 the	 environ‐
mental	shifts	induced	by	global	change.














diets	 of	 the	 interacting	 species,	 ending	 with	 an	 internally	 co‐
herent	 and	 balanced	 food	web	model	 in	 which	 link	 weights	 are	
proportional	to	biomass	fluxes	throughout	the	web.	Such	models	
provide	 a	 synthetic	 tool	 for	 the	 analysis	of	 fine‐scale	properties	
emerging	from	the	integration	of	species	behavior	and	their	recip‐
rocal	relatedness.
The	 planktonic	 food	 web	 simulated	 for	 the	 GoN	 was	 repro‐
duced	in	two	rounds	with	different	inputs	referring	to	distinct	en‐
vironmental	conditions,	defined	for	simplicity	as	“green”	and	“blue”	
states	 (Cianelli	 et	 al.,	 2017).	 The	 green	 state	 refers	 to	 eutrophic	
conditions	 due	 to	 the	 impact	 of	 fresher	 coastal	waters,	 richer	 of	
inorganic	 nutrients	 and	 phytoplankton	 biomass,	 on	 the	 surface	
















remains	 almost	 unchanged.	 According	 to	 our	model,	 the	 plankton	
food	web	can	quickly	respond	to	green‐blue	swings.	 Indeed,	while	
unicellular	 organisms	were	 not	 able	 to	 cross	 the	 thermocline	 and	
resulted	 physically	 separated	 between	 surface	 and	 deep	 environ‐
ments,	planktonic	invertebrates	were	free	to	move	across	the	ther‐
mocline,	thus	inducing	the	reorganization	of	the	food	web	(Figure	2).
The	 plankton	 food	 web	 reproduced	 for	 the	 GoN	 included	 63	
functional	nodes	(Table	1)	and	a	total	of	718	trophic	links.	Two	dis‐






bacteria	 and	 detritus;	 and	 one	 included	 links	 between	metazoans	
and	all	the	other	nodes.	In	synthesis,	green	and	blue	GoN	food	webs	
include	 the	 same	organisms	 and	 share	 very	 similar	 topologies	 but	





networks	 (see	 Scotti,	 Podani,	 &	 Jordán,	 2007).	 By	 ranking	 nodes	
based	on	network	metrics,	we	assessed	species	roles	and	the	switch‐
ing	of	 these	 latter	between	the	 two	webs.	Analytically,	we	used	a	
combination	 of	 the	 following	 network‐analyses	 metrics:	 weighted	
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indirect	 net	 effect	 (INE);	 weighted	 centrality	 (WI);	 and	 weighted	
overlap	(WO).




details	 on	 the	mathematical	 formulation	 for	 the	 INE	 index	 can	 be	
found	in	Data	S3.
The WI	 index	 expresses	 the	 central	 position	 of	 nodes	 in	 the	
food	web.	In	turn,	the	WO	index	can	be	considered	as	a	measure	of	
trophic	niche	overlap,	 and	a	 low‐WO	 rank	 indicates	a	high	 trophic	












The	 metrics	WI	 and	WO	 were	 derived	 from	 the	 methods	 of	
Godfray	and	colleagues	 (Morris,	Lewis,	&	Godfray,	2004;	Muller,	
Adriaanse,	 Belshaw,	 &	 Godfray,	 1999;	 Müller	 &	 Godfray,	 1999;	
Rott	&	Godfray,	2000).	For	the	calculations	of	WI	(see	also	Jordán,	
Liu,	&	Veen,	2003),	we	considered	n	=	3	(maximum	three	steps	for	
indirect	 effects),	 and	we	 used	 the	CosbiLab	Graph	 software	 for	






plotted	 using	 R‐generated	 heatmaps	 (R	 Development	 Core	 Team,	
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TA B L E  1  Species	present	in	the	plankton	food	web	from	the	Gulf	of	Naples
Nodes Small description  Size (µm)
Blue Green
Biomass (mgC/m2) Biomass (mgC/m2)
1 Cyanobacteria	(s) Mainly	Synechococcus A 1a 3.2 4
2 Prochlorophytes	(s) Mainly	Prochlorococcus A 1a 0.3 0.4
3 Phyto‐nanoflagellates	(s) Several	species A 1.9a 22 80.5
4 Chaetoceros	spp.	(s) Diatom	genus A 2.4a 4.2 83.3
5 Leptocylindrus	spp.	(s) Diatom	genus A 5.8a 31.3 317
6 Skeletonema	spp.	(s) Diatom	genus A 3.1a 5.7 47
7 Small	diatoms	(s) Several	species A 3.2a 4.3 34.1
8 Pennate	diatoms	(s) Pennate	diatoms A 3.3a 1.2 11.6
9 Pseudo‐nitzschia	spp.	(s) Diatom	genus A 3a 2.3 19.9
10 Centric	diatoms	(s) Centric	diatoms A 12a 19.7 83.9
11 Coccolithophores	(s) Mainly	Emiliania huxleyi A 4.3a 3.9 12.3
12 Phyto‐microflagellates	(s) Several	species A 4a 3.9 12.9
13 Mixotrophic	nanoflagellates	(s) Mainly	Ollicola vangorii M 1.5a 0.1 0.2
14 Small	dinoflagellates	(s) Several	species M 4.5a 6.6 23.5
15 Medium	dinoflagellates	(s) Several	species M 9a 4.1 13.5
16 Myrionecta rubra	(a) Ciliate	species M 10a 0.6 2
17 Tontonia	spp.	(s) Oligotrichous	ciliate	genus M 40a 9.5 35
18 Laboea	spp.	(s) Oligotrichous	ciliate	genus M 22a 1.8 6.5
19 Strombidium	spp.	(s) Oligotrichous	ciliate	genus M 38a 11.6 34.6
20 HNF	(s) Agglutinated	nanoflagellates H 2.4a 0.4 1.3
21 Heterotrophic	dinoflagellates	(s) Several	species H 11.1a 7.7 48
22 Prostomatids	(s) Agglutinated	ciliates H 26.8a 1.7 17.5
23 Strobilidium	spp.	(s) Ciliate	genus H 26.8a 4.3 12.9
24 Tintinnids	(s) Agglutinated	ciliates H 11a 0.2 1.7
25 Nanociliates	(s) Agglutinated	ciliates H 8a 0.7 2.3
26 Cyanobacteria	(d) Mainly	Synechococcus A 1a 108.4 155.9
27 Prochlorophytes	(d) Mainly	Prochlorococcus A 1a 10.8 15.6
28 Phyto‐nanoflagellates	(d) Several	species A 1.9a 33.6 48.3
29 Coccolithophorids	(d) Mainly	Emiliania huxleyi A 4.3a 166.2 239
30 Diatoms	(d) Several	species A 3.2a 10.3 14.7
31 Mixotrophic	nanoflagellates	(d) Several	species M 1.5a 0.1 0.1
32 Small	dinoflagellates	(d) Several	species M 4.5a 85.5 108.2
33 Medium	dinoflagellates	(d) Several	species M 9a 52.9 62.3
34 HNF	(d) Agglutinated	nanoflagellates H 2.4a 0.1 0.1
35 Heterotrophic	dinoflagellates	(d) Several	species H 11.1a 34.2 44.6
36 Prostomatids	(d) Agglutinated	ciliates H 26.8a 7.3 16.2
37 Strobilidium	spp.	(d) Ciliate	genus H 26.8a 19.1 12
38 Tintinnids	(d) Agglutinated	ciliates H 11.4a 1 1.6
39 Nanociliates	(d) Agglutinated	ciliates H 8a 3 2.1
40 Heterotrophic	bacteria	(s) – H 0.5a 32.7 108.5
41 Heterotrophic	bacteria	(d) – H 0.5a 373.5 397.3
42 Penilia avirostris	(a) Cladoceran	species H 800b 96.1 100.8
43 Cladocerans	(a) Evadne	&	Pseudevadne	spp. H 900b 33.8 65.7
44 Paracalanus parvus	(a) Calanoid	copepod	species	(adults) H 850b 25.5 26.8
(Continues)
11636  |     D'ALELIO Et AL.

























&	 Jacomy,	 2009)	 using	 the	 Fruchterman–Reingold	 Algorithm,	 a	
force‐directed	 layout	 algorithm	 (Fruchterman	 &	 Reingold,	 1991).	
Nodes	size	was	set	as	proportional	to	“weighted	degree,”	that	is,	a	
measure	of	node's	 interconnection	based	on	the	weight	of	 links	to	















Nodes Small description  Size (µm)
Blue Green
Biomass (mgC/m2) Biomass (mgC/m2)
45 Acartia clausii	(a) Calanoid	copepod	species	(adults) H 1,150b 7.5 22
46 Temora stylifera	(a) Calanoid	copepod	species	(adults) H 1,000b 39.1 37
47 Centropages typicus	(a) Calanoid	copepod	species	(adults) H 1,000b 12.2 24.6
48 Other	calanoids	(a) Agllutinated	genera	(adults) H 1,050b 8.7 7.7
49 Juvenile	calanoids	(a) Juveniles	of	calanoid	copepod H 450b 14.6 21.2
50 Appendicularia	(a) Agglutinated	species H 3,000b 36.1 39.8
51 Doliolids	(a) Agglutinated	species H 1,500b 2 3.7
52 Salps	(a) Agglutinated	species H 10,000b 16.2 30.8
53 Meroplankton	(a) Agglutinated	larvae H 250b 3.5 4.7
54 Oithona	spp.	(a) Cyclopoid	copepod	genus H 675b 1.4 1.3
55 Detritivora	(a) Cyclopoid	copepod	genera H 650b 7.4 5.2
56 Carnivora	(a) Mainly	chaetognats H 28,000b 276.3 295.5
57 Appendicularia	houses	(a) – D 3,000b 113.8 489.9
58 Small	fecal	pellets	(a) Feces	of	small	animals D <200b 81.5 396.5
59 Salp	fecal	pellets	(a) Fecal	pellets	of	salps D >200b 3.8 7.3
60 Carnivores	F.P.	(a) Fecal	pellets	of	carnivores D >200b 0.6 1.2
61 DOC	(s) Dissolved	Organic	Carbon D <0.2b 16.6 102.9
62 DOC	(d) Dissolved	Organic	Carbon D <0.2b 58.3 81.9





TA B L E  1   (Continued)















definite	 covariance	 patterns	 at	 both	 states	 (Figure	 3a),	 suggesting	
that	 changes	 in	 nodes	 centrality	 (WI)	were	 able	 to	 affect	 also	 the	
impact	that	nodes	exerted	over	the	whole	food	web	(INE). The rela‐
tion	between	WI	and	WO	was	nonlinear	and	seemingly	hyperbolic:	
for	 higher	 values	 of	 WO—and,	 therefore,	 decreasing	 uniqueness	
of	 nodes—WI	 strongly	 increased.	 In	 synthesis,	 we	 observed	 that	
WO	was	 larger	 in	 green	 state	 and	 changes	with	WO	were	discon‐
tinuous.	 Larger	WO	 meant	 multiple	 trophic	 solutions,	 while	 tran‐
sition	 between	 large	 resources	 (green)	 and	 low	 resources	 (blue)	
states	reduced	the	number	of	solutions,	that	is,	by	inducing	trophic	
specialization.











surface‐	or	deep‐water	 layers,	 respectively,	 and	 the	weighted	and	
directed	modularity	did	not	respect	physical	compartmentalization	
(compare	with	Figure	2).




tunicates	Appendicularia;	and	 (c)	 together	with	other	animals	 (e.g.,	
#42‐43,	52),	 node	#50	was	present	 in	 the	dominant	 (energy‐wise)	
module	of	each	system	state.	Modularity	reshuffling	at	blue‐green	








Meta	 networks	 were	 built	 by	 aggregating	 net	 biomass	 fluxes	
among	modules	 only	 (Figure	 4d,e):	 therein,	 the	 blue	modular	web	
was	almost	“bipolar,”	that	is,	it	included	two	main	providers	(B3,	B4),	
and	 two	main	utilizers	 (B1	and	B2).	On	 the	other	hand,	 the	green	
modular	web	was	“unipolar,”	with	G1	attracting	most	biomass	fluxes	
from	 five	 providers	 (G2‐5).	 By	 comparing	 complete	 and	 simplified	
graphs	(panels	a‐b	and	d‐e	in	Figure	4),	it	is	worth	noticing	that	the	




Figure	 5	 shows	 the	 two	 core	 part	 of	 the	 networks	 derived	
from	the	strongest	interactions	that	were	detected	in	the	blue	and	
green	states,	respectively,	based	on	the	WI	 index.	The	core	parts	
are	 related	 to	 the	heterotrophic/detrital	 components	of	 the	net‐







































































































































































































































We	 investigated	 the	 relationship	 between	 species	 roles	 and	 net‐
work	 modularity	 under	 sharp	 environmental	 shifts	 in	 a	 highly	
resolved	plankton	food	web	simulated	by	an	Ecopath	model	previ‐
ously	published	(D'Alelio,	Libralato,	et	al.,	2016).	By	measuring	net‐
work	 properties,	 we	 revealed	 that	 plankton	 species	 have	 distinct	
roles,	which	differentially	mediate	structural	modifications,	such	as	
modules	 reconfiguration,	 induced	 by	 environmental	 modification.	
Specifically,	 short‐term	 environmental	 changes	 impact	 the	 abun‐
dance	of	planktonic	primary	producers:	This	affects	consumers'	be‐
havior	and	cascades	into	the	overall	rearrangement	of	trophic	links.	





goes	 a	 substantial	 rewiring	while	 keeping	 almost	 the	 same	 global	
flow	to	upper	trophic	levels,	since	energetic	hierarchy	is	maintained	
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Planktonic	 environments	 are	 influenced	 by	 water	 trans‐
port	 and	mixing.	At	 the	 same	 time,	 planktonic	 communities	 are	
deeply	affected	by	the	water	stratification	entailing	habitat	frag‐
mentation	 (e.g.,	 Cianelli	 et	 al.,	 2017).	 Short‐term	 environmental	
changes	impact	the	abundance	of	planktonic	primary	producers,	
ultimately	 resulting	 in	 the	 rearrangement	 of	 trophic	 links	 in‐
volving	their	consumers.	Food	web	adjustments	are	both	direct,	
through	 the	 rewiring	 of	 trophic‐interaction	 networks,	 and	 indi‐
rect,	 with	 the	 reconfiguration	 of	 trophic	 cascades.	 Such	 topo‐
logical	 changes	 may	 propagate	 to	 higher	 levels	 of	 organization	
(i.e.,	 the	 network	 architecture),	 contributing	 to	 alter	 modules'	
composition.	Ecological	networks	are	already	known	to	change	in	
time	and	space	(Poisot	et	al.,	2015;	Trøjelsgaard	&	Olesen,	2016),	




Pascual,	 &	 Kéfi,	 2017),	 although	 it	 is	 a	 well‐known	 behavior	 of	
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Modularity	 reshuffling	 in	 planktonic	 food	webs	 is	 realized	 via	
what	we	can	call	systemic behavior.	This	is	the	translations	of	some	
biological	 nodes—in	 general,	 those	 playing	 less	 central	 network	






of	 direct	 and	 indirect	 effects	 through	 internal	 adjustments.	 As	 a	









Our	 results	 indicate	 that	 indirect	 effects	 further	 reinforce	 the	
maintenance	 of	 this	 hierarchy	 by	 setting	 negative	 feedbacks.	 This	
observation	suggests	 the	existence	of	a	 strong,	 though	poorly	ex‐
plored	in	nature,	relationship	between	species	roles	and	the	archi‐





late	 in	 a	more	 effective	 assessment	 of	 food	webs	 state	 in	 pelagic	
ecosystems.





















the	 “Reaction	 gamma”—that	 is,	 the	 range	 of	 alternative	 food	web	





the	 system	 state.	 These	 generalist	 filter‐feeding	 invertebrates	 can	
undergo	strong	 rewiring	between	states,	persist	 in	 their	centrality	











respect,	 Appendicularia	 may	 behave	 as	 “couplers”	 sensu	 Rooney	
et	al.	 (2008)	 (Figure	6c).	This	hypothesis	 is	 in	 line	with	field	obser‐
vations:	Like	zooplankton	of	similar	size,	appendicularians	perform	





At	 the	other	end	of	 the	spectrum,	calanoid	copepods	 (#44‐49)	
undergo	 considerable	 changes	 in	 trophic	 niche	 overlap	 (WO; 
Figure	 6a,b),	 that	 is,	 they	 are	 in	 a	 unique	 network	 position	 in	 the	
blue	 regime.	 Even	 though	 calanoids	 are	 not	 energy	 hubs	 of	 the	
system	we	 investigated,	 their	 role	 is	 relevant:	 By	 being	more	 tro‐
phically	 specialized	 at	 blue	 system	 states,	 their	 presence	 guaran‐
tees	robust	planktonic	food	webs	at	oligotrophic	conditions.	While	
Appendicularia	regulate	the	extension	of	the	main	energetic	module,	
calanoids	 keep	 the	 internal	 cohesion	 of	 this	module	 by	modifying	
their	trophic	behavior	at	blue‐green	transitions:	To	this	respect,	they	




as	 energy	 gates,	 linking	 different	 trophic	 levels	 and	 switching	 be‐
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(module	G2,	Figure	5).	It	is	worth	noticing	that	DOC,	that	is,	the	pri‐
mary	food	of	surface	bacteria	(#40,	module	G2,	Figures	4	and	5),	is	
released	 in	 large	quantities	by	primary	producers,	mainly	 in	eutro‐
phic	conditions	 (Wear	et	al.,	2015).	Also,	 as	a	consequence	of	 the	
limited	compartmentalization	of	surface‐	and	deep‐water	habitats,	
bacterial	 nodes	 indirectly	 influence	 each	 other	 by	 affecting	 each	
other's	food,	that	is,	DOC.	As	a	consequence,	indirect	effects	cross‐

















noting	 that	weighted	 overlap	 (WO)	 reveals	 to	 be	 a	 good	 indicator	















than	 Appendicularia.	 In	 the	 same	 way,	 planktonic	 nanoflagellates	
showed	in	our	study	a	high	adaptive	potential	to	changing	environ‐
mental	conditions	also	coherent	with	other	works	(Moustaka‐Gouni,	








the	 same	 as	 the	 largest	 carbon	 flows	 in	 the	 system,	 and	 the	web	
nodes	 involved	 in	 these	 important	 effects	 formed	 the	 regulative	
core	of	the	community	(Figure	5).	Considering	indirect	interactions	
is	 therefore	crucial	 for	 the	better	understanding	of	 the	ecosystem	
functioning,	beyond	their	potential	for	quantifying	cascading	effects	











more	 than	 species	 co‐occurrence.	 Therefore,	when	 putting	 links'	
clustering	within	a	trophic/energetic	context—that	is,	by	analyzing	
weighted	modularity	 and	 not	 the	 simpler	 nodes	 co‐occurrence—
physical	 compartmentalization	 decreases	 in	 importance	 and	 be‐





an	 energetic	 compartmentalization	 could	 be	 an	 important	 deter‐
minant	of	 ecosystem	stability	 and	 should	be	 investigated	 further	
in	food	webs.	On	the	contrary,	co‐occurrence	networks	provide	a	
distorted	view	of	 the	 architecture,	 and	 therefore,	 functioning,	of	
the	web.




in	 food	webs	are	 increasingly	 reported	 in	 consequence	of	 anthro‐
pogenic	environmental	modifications	(Tylianakis	&	Morris,	2017).	To	
this	respect,	planktonic	food	webs	reveal	to	be	promising	study	sys‐
tem	 for	 investigating	mechanisms	behind	 those	changes.	Plankton	
communities	 are	 characterized	by	 a	 substantial	 biological,	 trophic,	
complexity	 (D'Alelio,	 2017);	 such	 a	 complexity	 cascades	 into	 con‐
voluted	 interaction	 networks,	 whose	 characteristics	 can	 change	
in	both	time	and	space	 (D'Alelio,	Libralato,	et	al.,	2016;	D'Alelio	et	
al.,	 2015;	 Guidi	 et	 al.,	 2016;	 Lima‐Mendez	 et	 al.,	 2015).	 In	 princi‐
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Most	works	on	plankton	systems	often	use	a	simplified	scheme	
based	on	plankton	functional	types	(PFT;	Le	Quéré	et	al.,	2005)	and	
thus	 a	 small	 number	of	 already	 compartmentalized	 functions.	Yet,	


























pelagic	 food	webs,	 that	 is,	where	plankton	 stand.	 To	 this	 respect,	
system	approaches	must	be	applied	to	evaluate	how	much	sensitive	
to	changes	the	marine	food	webs	are,	in	the	face	of	global	change.	
If	extended	 to	other	 relevant	ecological	 systems,	 such	kind	of	ap‐
proach	could	significantly	aid	to	understand	how	a	changing	world	
will	affect	the	properties	of	complex	ecosystems—such	as	stability,	
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